of the juvenile fish were selected for mariculture and placed in shallow fiberglass tanks (130 ϫ 70 ϫ 10 cm). Fish were raised at two different temperatures, and their growth was monitored. Half the fish were maintained at "cold" temperatures (15.8°Ϯ 0.4°C average weekly temperature), which have proven successful for maintaining adult toadfish in captivity. The remaining fish were maintained at "warm" (19.6°Ϯ 0.8°C) temperatures in an effort to increase growth rate. Stocking densities ranged from 10 to 40 toadfish m Ϫ2 . Fish initially were fed live adult Artemia that had been bathed in a nutritional supplement (Super Selco). After six months of culture, the diet was switched to chopped pieces of squid and butterfish. At the conclusion of the first year, the warmwater fish averaged 6.4 Ϯ 0.1 cm in length and weighed 13.0 Ϯ 0.3 g, and the cold-water fish averaged 4.0 Ϯ 0.5 cm and 1.7 Ϯ 0.0 g (1). Survival rate was 78%, with many of the mortalities attributed to the cannibalistic nature of batrachadoids (4).
. The two-and three-year age classes were maintained on a prepared diet consisting mainly of chopped squid and butterfish and were fed three times per week.
During the second year of culture, the average weekly temperatures were 19.4°C (warm) and 16.9°C (cold). In year three, the average warm-water temperature was 20.2°C. Because the coldwater fish continued to be small, they were switched to the "warm" water in February of 2001; as a result, the average weekly temperature for these fish was 19.2°C during year three.
After 24 months of culturing, the warm-water fish averaged 10.6 Ϯ 0.2 cm and weighed 40.5 Ϯ 2.1 g, and the cold-water fish averaged 6.2 Ϯ 0.7 cm and 9.0 Ϯ 0.6 g. By the end of the third year, the warm fish had grown to an average standard length of 13.0 Ϯ 0.3 cm (range 9.5 to 15.5 cm) and average weight of 87.7 Ϯ 5.5 g (25 to 136 g). The cold-water population continued to display slower growth, with the average fish measuring 9.3 Ϯ 0.2 cm (8. 4 to 10.8 cm) and 29.2 Ϯ 2.0 g (15 to 45 g) in year three (Fig. 1) .
Survival rates remained high, following the initial 78% rate in year one. Approximately two-thirds of the original fish remained alive after 24 months, and 60% survived through July 2001. The size segregation instituted in the summer of 1999 greatly reduced cannibalism.
Our eventual goal is to eliminate field collection through the successful spawning and rearing of captive fish. However, the age of sexual maturity among the Cape Cod population has never been firmly established. Five females in the warm-water tanks became gravid in the spring of 2001, and at least one successfully deposited scores of eggs inside a PVC pipe, suggesting that the onset of sexual maturity for female toadfish is less than three years. Unfortunately, for unknown reasons, these eggs failed to develop. The onset of sexual maturity in the males remains to be determined.
In summary, we have demonstrated that toadfish can be raised in captivity for at least three years. At the current maximal growth rate of 5 cm/year, we estimate that the fish will need at least five to six years to attain the desired size range of 25 to 30 cm, thus making the project impractical in terms of cost and time.
One of the main impediments to faster growth is the virtual cessation of growth during the winter (Fig. 1) . Previous observations led us to hypothesize that keeping the fish at temperatures about 15°C above ambient during the winter would circumvent this "hibernation." Because this expectation has proved incorrect, future attempts will focus on temperature and photoperiod. Preliminary evidence shows that newly detached juvenile toadfish raised at 26°to 29°C grow significantly faster than fish raised at 20°C (5). We also plan to manipulate the photoperiod during the winter to stimulate year-round growth.
We A toadfish mariculture program was initiated in the summer of 1998 at the Marine Biological Laboratory, Woods Hole, Massachusetts. The purpose of this program was to reduce pressure on the native toadfish population while providing researchers with a year-round supply of appropriately sized animals. Although the toadfish have proven to be amenable to year-round culturing (survival rates were 60% to 70% during the initial three years (1, 2)), their growth was slower than that of conspecifics inhabiting southern portions of the geographical range (3). Therefore, in an effort to accelerate growth, the effects of temperature and diet were investigated in toadfish that had recently detached from their nests.
Four nests with guardian males were transported from Waquoit Bay, Massachusetts, to the Marine Biological Laboratory in June of 2001. The fish for this experiment were selected from a single nest. Fish began to detach from the nest during the first week of July, and feeding was initiated on July 9. Nine 40-l glass aquaria filled with fresh, filtered seawater were used for the study. The aquaria were placed in a 3 ϫ 3 matrix on a large aquarium stand. Each contained 3 cm of sand overlying an air-powered undergravel filter and had an overhead fluorescent light (14/10 L/D cycle). Water temperature was maintained at 23°, 26°, or 29°C in each set of three aquaria. About 30% to 50% of the aquarium water was changed daily by slowly adding fresh seawater. Fish were randomly selected from the 400ϩ juveniles that detached from the nest, and 10 fish were placed in each aquarium. An additional 25 fish were placed in a shallow 1-m 2 fiberglass tray and provided with fresh running seawater at 20°C.
Fish were maintained on three diets: live, prepared, and prepared plus. Live food consisted mainly of adult Artemia treated with a nutritional supplement (Super Selco) and supplemented with live mysids or newly hatched Fundulus sp. The prepared diet consisted of small chunks (approximately 3 mm ϫ 4 mm) of squid, clam, or mussel. The prepared plus diet consisted exclusively of small pieces of squid supplemented with crushed commercial fish food (5 mm pellets, Aquatic Eco-Systems). The three tanks at each temperature were fed one of the diets exclusively. Control fish in the fiberglass tanks were fed live Artemia treated with Super Selco supplemented with mysids.
Experimental fish were fed an average of 6 days per week, and control fish were fed about 4 times per week. For live food, the daily ration was sufficient that fish would terminate feeding prior to prey extermination, and live prey was often observed in the tanks 24 h after feeding. For the prepared diets, the food was impaled on a copper wire (28 gauge) affixed to a glass rod and was waved in front of the fish until it was eaten. Fish were fed once per day, and individual fish were presented with food continuously until refusal. To ensure that all fish on prepared diets were fed, individual fish were visually checked for extended abdomens.
Fish were weighed and measured prior to the initiation of feeding on July 9. Standard length averaged 1.7 Ϯ 0.02 cm; weight averaged 0.17 Ϯ 0.01 g. There was no significant difference in size among the experimental and control aquaria (ANOVA: P ϭ 0.14; all statistical analysis was performed with GraphPad InStat version 4.10 for Windows 95, GraphPad Software, San Diego, CA). All fish were weighed and measured again after 3 weeks of feeding. Figure 1 shows the standard length and weight distribution for the three temperatures and diets plus the control.
Examination of the standard lengths of fish kept at 23°C did not reveal any size difference among the three diets (ANOVA: P ϭ 0.13). However, at both 26°C and 29°C, fish eating both prepared food diets were significantly longer than ones maintained on live food (ANOVA: P Ͻ 0.05). When the experimental tanks were compared with the controls, fish fed the prepared diet at all three temperatures and fish given the prepared plus diet at 26 and 29°C were significantly larger than controls (ANOVA: P Ͻ 0.05).
Examination of weight at each temperature revealed that at 23°C, the fish on both prepared diets were significantly heavier than those consuming live prey (ANOVA: P Ͻ 0.01). At both 26 and 29°C, fish fed both prepared diets were larger than fish on the live diet (ANOVA: P Ͻ 0.001). When treatments were compared against controls, fish maintained on the prepared diet at all three temperatures and fish fed the prepared plus diet at the two higher temperatures were significantly larger than controls (ANOVA:
The results indicate that toadfish growth can be accelerated compared to our previous mariculture methods (1, 2) , by increasing water temperature and by substituting a diet of prepared food for one of live food. Previous mariculture efforts (1, 2) required 90 days for toadfish to attain the size and weight that fish in the current experiment reached in 21 days. Survival was high (98%) and the elevated temperatures were not detrimental to fish health. This is not surprising because the range of the conspecifics extends to Florida, and, locally, temperatures of 25 to 30°C are not uncommon during summer months in shallow Cape Cod estuaries.
The objective of this experiment was to determine new strategies to accelerate juvenile toadfish growth. Therefore, the experiment was designed to compare our new methodology to our previous culture techniques. Thus, control fish were placed in shallow fiberglass trays rather than in 40-l aquaria. Although every effort was made to make the experimental tanks identical, small variations in each tank (water chemistry, ambient light, vibration) were not examined and may have subtly influenced individual fish. Finally, the energy expenditure (foraging vs. "hand" feeding) between the live and prepared diets will need to be addressed in the future.
The fish in our experiment grew fastest when fed the prepared diets. However, because hand-feeding hundreds to thousands of juvenile toadfish is not practical, we are attempting to refine the feeding techniques to reduce or eliminate this time-consuming step. The 4-and 5-week-old toadfish have begun foraging, indicating that the food presentation may only be needed during the first month.
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The bay scallop Argopecten irradians (Lamarck 1819) is harvested commercially and recreationally throughout its range along the east and Gulf coasts of North America. At its peak, the Massachusetts harvest exceeded 1200 metric tons with a monetary value of $11 million (1). On Martha's Vineyard, bay scallop harvests are an important economic commodity and can represent, depending upon the size of the catch and price per pound, between 4% and 10% of the island's annual economy (2) .
Argopecten irradians irradians, the northern bay scallop, and the southern subspecies (A. i. concentricus, A. i. amplicostatus) exhibit extreme natural variability in harvestable stocks from year to year; but, in general, natural populations have declined over the past quarter century (1) . Harvest data from Cape Cod, Martha's Vineyard, and Massachusetts as a whole, compiled from 1965 to 1997, reveal that the maximum harvests (in bushels) occurred in the 1980s, but that scallop harvests have dropped precipitously since 1985 (3).
The variability and population declines are attributed to predation and habitat loss, to harmful algal blooms, and to the species' short life (1, 4, 5) . The consequent economic pressures have led to increased emphasis on scallop aquaculture, development of field grow-out techniques, transplantations, and seeding programs using hatchery-or field-collected seed (1, 6). However, the notion that these efforts contribute significantly to population stabilizations is poorly supported by hard evidence (3, 7) .
One of the difficulties in ascertaining the success of seeding or stock enhancement programs is that seeded animals cannot be distinguished from the natural population. The colored tags used for shrimp and fin fish are not useful for scallops. Allozyme differences were insufficient to discriminate between native and transplanted animals (8). In contrast, DNA-based molecular markers are excellent at distinguishing between subpopulations (9) and also have the great advantage of being neutral, while not generating artifacts due to predator preferences or survival. In this paper, we report progress in the development of scallops with molecular tags-an aid in the evaluation of stock enhancement programs.
We chose to develop RAPD (Random Amplification of Polymorphic DNA) genetic markers that can be detected by the polymerase chain reaction (PCR) (10). RAPD-PCR has the great advantage that DNA sequence information is not required for the development of useful markers.
Representative adult bay scallops were initially collected from Nantucket Island and, more recently, from Martha's Vineyard. Mantle tissue was sampled after the valves opened spontaneously. This procedure does not kill the animal, which can then be kept alive for mating experiments. After the tissue was thoroughly rinsed to remove extraneous biological material, DNA was purified from it. DNA purification procedures, RAPD-PCR protocols, and electrophoresis conditions have been described previously (11). Fifteen primers were screened for amplifiability and reproducibility, and the relative frequency of bands was determined. Results for two primers are shown in Table 1 . In both cases, the larger size bands were present at higher relative frequencies when compared with those of the smaller size bands. Figure 1 shows a represen- 1 Brown University, Providence, RI.
Table 1
Relative marker frequencies in the population, for primers AGGTCACTGA (10 bands) and GAAGCGCGAT (9 bands) 
